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Two different environments less than 40’’ away
A far-UV illuminated PDR HCO 
(Gerin et al. 2009) 
• AV ∼ 1.5  
• Warm  Tkin ∼ 60K  
• Relatively dense  
nH ∼ 6×104 cm−3  
A shielded, dense core DCO+
(Pety et al. 2007) 
• AV ∼ 20 
• Cold Tkin ∼ 20K  
• Dense   nH ∼ 2×104 cm−3 
• High fractionation  
[DCO+]/[HCO+] = 2%  
The Horsehead WHISPER line survey (PI: Pety)
Wideband High-resolution Iram-30m Surveys at two Positions with Emir Receivers
IRAM-30m telescope!
~75 hours per position!
• 2 positions observed              
→ Detailed comparison of the 
chemistry of UV-illuminated 
and UV-shielded gas 
• ~120 lines 
• 30 species (plus their 
isotopologues) are detected 
with up to 7 atoms 
Results: 
!
!
I. CF+ as a proxy of C+ and a measure of the fluorine 
abundance
CF+ emission in the Horsehead
Guzmán et al. 2012ab 
• CF+ emission arises from the 
UV-illuminated edge 
• First detection and 
spectroscopic characterization 
of the CF+ hyperfine splitting  
!
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CF+ emission in the Horsehead
Guzmán et al. 2012ab 
CF+ can be used as a tracer of C+ 
associated to molecular gas that can 
be observed from the ground
Simple chemistry
F/H ≃ (0.6 − 1.5) × 10−8 
Results: 
!
!
II. A new species in the ISM: C3H+
First detection of C3H+ in the ISM
Pety et al. 2012
• Consistent set of 8 unidentified lines toward 
the PDR position.  
• Linear rotor, with a 1Σ electronic ground state. 
• Rotational constant close to that of l-C3H 
• Reactive molecule, similar spatial distribution 
to small hydrocarbon chains. 
First detection of C3H+ in the ISM
Pety et al. 2012
Also detected in: 
• Orion Bar                                             
McGuire et al. 2014, Cuadrado et al. in prep.  
• Sgr B2(N) molecular cloud                  
McGuire et al. 2013
First detection of C3H+ in the ISM
Pety et al. 2012
C3H+  identification confirmed! 
theory (Botschwina et al. 2014) and 
laboratory (Brünken et al. 2014)
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• [C3H+] = 2±0.7×10−11         
Consistent with gas-phase model 
• [C2H] and [C3H2] are 1-2 orders of 
magnitude higher than in models 
• Good correlation between PAH and 
hydrocarbons emission
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UV-field fragments PAHs and small 
grains into small hydrocarbons? 
PdBI observations at 6”               
(Guzmán et al. in prep)
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• [C3H+] = 2±0.7×10−11         
Consistent with gas-phase model 
• [C2H] and [C3H2] are 1-2 orders of 
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• Good correlation between PAH and 
hydrocarbons emission
Results: 
!
!
III. High abundance of CH3CN in the PDR 	

Nitriles molecules: CH3CN and HC3N
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HC3N
CH3CN
[HC3N]PDR ≃ [HC3N]Core 
[CH3CN]PDR ≃ 30 [CH3CN]Core
 Gas-phase model predicts CH3CN  
abundance ~2400 times lower 
→ Enhanced abundance due to FUV field?  
Results: 
!
!
IV. Photodesorption of ices mantles: H2CO and CH3OH
H2CO and CH3OH: 30m observations
Guzmán et al. 2011, 2013
  [H2CO] ~ [CH3OH] ∼ 10−10      
H2CO: 
o/p∼2   PDR 
o/p∼3   Core (high-temperature limit) 
H2CO and CH3OH: Gas-phase vs. surface chemistry
Guzmán et al. 2011, 2013
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• Gas-phase + grain surface 
CO → HCO → H2CO → CH3O → CH3OH  
H2CO and CH3OH: Gas-phase vs. surface chemistry
Guzmán et al. 2011, 2013
Photo-desorption is needed to 
explain the observed H2CO and 
CH3OH abundance in the PDR. 
Meudon PDR code (Evelyne Roueff)
Unresolved peak at δx ∼ 15’’ ? 
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• Pure gas-phase 
H2CO: CORE ✓, PDR ✗  
CH3OH: CORE: ✗, PDR ✗
• Gas-phase + grain surface 
CO → HCO → H2CO → CH3O → CH3OH  
H2CO and CH3OH: PdBI observations
Guzmán et al. 2011, 2013
  Beam dilution is marginal      
→ Predicted abundance peak at 
the PDR is not observed  
H2CO formation: 
PDR: grain surface  
Dense core: gas-phase 
CH3OH depleted at the dense core 
Results: 
!
!
V. Complex molecules are also present in PDRs
Complex molecules in PDRs 
HCOOH
CH3CHO
CH2CO
CH3CCH
Complex molecules: HCOOH, CH2CO, CH3CHO, CH3CCH 
 
• Abundances: 10−11 − 10−10 
• Rotational temperatures <20K 
Cold molecules: 
Trace the envelope around protostars
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from Bisschop et al. 2007
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[HCOOH], [CH2CO], and [CH3CHO] 
are 3 − 4 times larger in the PDR than 
in the dense core
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[HCOOH], [CH2CO], and [CH3CHO] 
are 3 − 4 times larger in the PDR than 
in the dense core
→ Enhanced abundances due to UV-field?
Summary
!
• CF+: a new diagnostic of UV illuminated gas and a potential proxy of the C+ 
emission associated to molecular gas (Guzmán et al. 2012a,b). 
• Detection of a new species in the ISM, recently confirmed to be C3H+, which 
supports the top-down scenario of formation of the small hydrocarbons from 
PAHs and small grains (Pety et al. 2012). 
• H2CO, CH3OH and CH3CN are abundant in the PDR. Photo-desorption of 
ices is an efficient mechanism to release molecules into the gas phase 
(Guzmán et al. 2011, 2013; Gratier et al. 2013). 
• The first detection of the complex organic molecules, HCOOH, CH2CO, 
CH3CHO and CH3CCH in a PDR, which reveals the degree of chemical 
complexity reached in the UV illuminated neutral gas (Guzmán et al. 2014).	

Horsehead nebula is a good benchmark for PDR modeling 
and interstellar chemistry 
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and interstellar chemistry 
Summary
Steep gradients in the physical parameters and the chemical abundances  
Line emission of many interesting species is weak
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• CF+: a new diagnostic of UV illuminated gas and a potential proxy of the C+ 
emission associated to molecular gas (Guzmán et al. 2012a,b). 
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supports the top-down scenario of formation of the small hydrocarbons from 
PAHs and small grains (Pety et al. 2012). 
• H2CO, CH3OH and CH3CN are abundant in the PDR. Photo-desorption of 
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→ ALMA and PdBI/NOEMA
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• CF+: a new diagnostic of UV illuminated gas and a potential proxy of the C+ 
emission associated to molecular gas (Guzmán et al. 2012a,b). 
• Detection of a new species in the ISM, recently confirmed to be C3H+, which 
supports the top-down scenario of formation of the small hydrocarbons from 
PAHs and small grains (Pety et al. 2012). 
• H2CO, CH3OH and CH3CN are abundant in the PDR. Photo-desorption of 
ices is an efficient mechanism to release molecules into the gas phase 
(Guzmán et al. 2011, 2013; Gratier et al. 2013). 
• The first detection of the complex organic molecules, HCOOH, CH2CO, 
CH3CHO and CH3CCH in a PDR, which reveals the degree of chemical 
complexity reached in the UV illuminated neutral gas (Guzmán et al. 2014).	

Summary
→ ALMA and PdBI/NOEMA
Thank you!
Horsehead nebula is a good benchmark for PDR modeling 
and interstellar chemistry 
Steep gradients in the physical parameters and the chemical abundances  
Line emission of many interesting species is weak
